The VOS Climate Project

UK Met. Office

Introduction

Final preparations for the Volun-
tary Observing Ships (VOS)
Climate Project are now complete,
and initial recruitment of participat-
ing ships has begun.

The following article provides an
overview of the objectives of the
project, its status, and how it is
intended to operate.

Background

The project is a natural extension
of the earlier Voluntary Special
Observing Programme for the
North Atlantic (VSOP —NA)',
which demonstrated that the
quality of observed measurements
depends significantly upon the
types of instruments used, their
exposures, and the observing
practices of shipboard personnel.
It made a number of substantive
recommendations in these areas
aimed at providing ship observa-
tions of a quality appropriate to
global climate studies.

Objectives

Whilst VOS observations continue
to be an essential ingredient for
numerical weather prediction,
there is a growing need for higher
quality data from the observing
fleet. Specifically, recent trends,
such as the increasing availability
of data from satellite sensors and

the increased concern with regard
to climate analysis and prediction,
are making further demands on the
quality of ship observations.

The project aims to provide a high-
quality subset of marine meteoro-
logical data, available in both real
time and in delayed mode, which
can be used for:

-Satellite ground truth verifica-
tion

An important role for accurate
VOS data is the detection of
biases in remotely sensed satellite
data due to instrument calibration
changes or changing atmospheric
transmission conditions. Ship and
buoy observations can, for ex-
ample, be used to detect and
correct biases in satellite data
caused by varying atmospheric
aerosol loading due to volcanic
eruptions. Without such real time
bias corrections, errors can occur
in satellite-derived data. Conse-
quently, for satellite verification
purposes, there is an established
need for a dataset of accurate ship
observations with known error
characteristics.

Climate Change Studies

Data from observing ships are
increasingly being used for climate
change studies, e.g., to quantify
global changes of sea-surface and
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marine air temperature. However,
the detection of climate trends is
only practicable if, as far as is
possible, observational biases
owing to the changing methods of
observation are corrected. Sea
temperature data, for example,
have different bias errors, depend-
ing on whether temperatures were
obtained using wooden, rubber or
canvas buckets, or using engine
room intake thermometers. It is
therefore important to clearly
document the observing practices
that are being used on board ships.

Climate Research and Climate
Prediction

Increasingly, coupled numerical
models of the atmosphere and
ocean are being used for climate
research and climate change
prediction. The simulated air-sea
fluxes of heat, water and momen-
tum must therefore be shown to
be realistic if there is to be confi-
dence in model predictions.
Accordingly, model predictions of
near surface meteorological
variables (air temperature, humid-
ity, sea-surface temperature
(SST), etc.) need to be verified
against high-quality in situ obser-
vations from buoys and specially
selected voluntary observing ships.

In addition to the above, the
project will provide a reference
data set that can be used to assess
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the quality of data received from
the rest of the voluntary observing
fleet.

Ship selection and recruitment

Ship recruitment is a critical
component of the project, and it is
hoped that the ships selected will
provide more or less global cover-
age in both space and time. To this
end, ships which make frequent
and regular ocean crossings, as
well as ships sailing in the southern
ocean, Antarctic supply vessels
and research ships, have been
identified as potential recruits.
Where feasible it has also been
decided that ships engaged in the
Ship of Opportunity Programme
and the Automated Shipboard
Aerological Programme should be
recruited.

A relatively small target of ~200
ships has been set for recruitment
to the project, and provisional lists
of participating ships have been
prepared by Australia, Canada,
France, Germany, India, Japan,
Poland, UK and USA. Several
other countries are also potential
project participants, and it is
anticipated that the target number
of ships should be achieved.

The UK is aiming to recruit
approximately 30 observing ships
to the project, with emphasis being
given to those ships which rou-
tinely return to the UK, have a
good observing record, and are
preferably fitted with hull sensors
and the Royal Netherlands Meteo-
rological Institute’s TurboWin
software. The selected vessels will
be drawn from those operating
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Figure 1 - Extent of coverage anticipated from UK voluntary observing ships
participating in the VOS Climate Project. (Courtesy of Southampton

Oceanography Centre.)

both on world-wide and near
continental voyages and will
include some research vessels
providing observations in data
sparse areas. Figure 1 shows the
extent of coverage expected from
UK voluntary observing ships,
whilst Figure 2 indicates the
projected global coverage.

These preliminary maps showing
the potential route coverage of the
proposed project ships have been
prepared by Southampton Ocean-
ography Centre, who have been
actively involved in setting up the
project. Such maps will assist in
planning national recruitment and
will also allow the selective
targeting of obvious data sparse
areas as recruitment proceeds.

Data Assembly Centre

Data collected during the project
will undergo quality control (QC)
and be archived

by a Data Assembly Centre

(DAC). The National Climatic
Data Center, NOAA, USA, has
agreed to perform this role which
requires them to merge the real-
time observation reports with the
delayed mode reports, eliminate
any duplicates, and compile a
complete project data set which
will be available to users.

The DAC will also create and
maintain a relational database so
that the information on instrument
types, exposure and observing
practice can be automatically
associated with each observation.
The database will also be freely
accessible to registered users.

Real Time Monitoring Centre

The project will require real time
monitoring of the observational
data and comparison with model
fields. To this end, the Met Office
(which already undertakes such
monitoring of ship observations on
a routine basis), has agreed to act




Figure 2 —Project global coverage of ships taking part in the VOS Climate
Project [(drawn from raw reports from the Global Telecommunication Sys-
tem (GTS) using data from November 1999 to October 2000), downloaded
from http://www.cdc.noaa.gov/ncep_obs/|

as Real Time Monitoring Centre
(RTMC) for the project.

Priority will be given to the follow-
ing six parameters: wind direction
and speed; sea level pressure; sea-
surface temperature; air tempera-
ture; and humidity. The Met Office
will monitor these variables for all
project ships and forward the
resultant statistics to the DAC for
inclusion on a dedicated project
Web site.

Statistics on the ‘fit of the ob-
served variables to the numerical
weather prediction Global Model’s
background forecasts will be used
to produce lists of ‘suspect’ ships,
i.e., ships will be flagged as
suspect if the mean and standard
deviations of their observation-
minus-background (o-b) values
meet certain agreed criteria. Lists
of flagged ships will be forwarded
by the RTMC to the DAC each
month, and to participating coun-
tries on a weekly and monthly

basis. As ships’call signs are
subject to change when there are
changes in registry, it will be
necessary for the RTMC to
regularly check call signs to ensure
the correct ships are being moni-
tored.

Any project ships identified as
having submitted suspect observa-
tions will be followed up by the
Port Met. Officer networks as
quickly as possible, and the results
of any corrective action taken
thereafter notified to the DAC.

In addition to the monitoring
function, the RTMC will extract
the six observed variables for each
project ship received in real time
from the Global Telecommunica-
tion System (GTS) and associate
them with the co-located model
field values. The resultant data
sets will then be transferred on a
regular basis to the Data Assembly
Centre.
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Instruments

Although relevant, the quality of
ships observing instruments has
less effect upon the quality of data
than their use and exposure. It will
therefore be essential for the
project to ensure that observing
instruments, their physical expo-
sure, and the associated observing
practices confirm to high stan-
dards and that up-to-date instru-
ment records are maintained and
catalogued.

Ideally, it is recommended that
ships taking part in the project
should have the following instru-
mentation and facilities:

* Accurate and well-exposed
thermometers with precision to
0.1 °C;

* Sea surface temperature mea-
suring instruments from hull
contact sensors;

* Permanently-mounted, well-
exposed anemometers to 0.1 m s
- precision;

 Precision marine barometers to
0.1 hPa precision, preferably
connected to a static head; and

¢ Electronic logbook facility, to
include true wind computation,
QC checks and updated encod-
ing in the revised code forms
required by the project.

It is recognized, however, that
common instrumentation is unlikely
to be achieved. For instance, UK
observing ships traditionally
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estimate the wind speed and
direction from the sea state and
are not provided with calibrated
anemometers.

Regular checks upon the service-
ability and calibration of instru-
ments by Port Met. Officers will
be essential to the project, e.g.,
calibration of temperature sensors
can be performed using a water
bath, and it is possible to calibrate
some types of wind speed sensor
by mechanically rotating the
propeller.

Inter-comparison of instruments is
a difficult and time-consuming
task; it is possible to compare
typical samples of each type or
source of manufacture, but often
variations between members of
the same type are greater than
between different instruments.
This problem will be addressed by
inter-comparison of the observa-
tions of the VOS climate subset
with large-scale model fields, or
with neighbouring ships at sea. At
a later stage in the project devel-
opment, it is expected that consid-
eration will be given to enhancing
or upgrading participating ship
instrumentation as necessary, in
line with VSOP —NA recommen-
dations.

Metadata

To achieve the accuracy required
by the project, it will be essential to
have comprehensive information
about the type and location of
meteorological instruments. This
will include information of the date
of any changes to instruments and
details of their exposures sup-
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ported by digital imagery. Details
of such ‘metadata > will be stored
in a master index of ships which
will be developed as a supplement
to, but separate from, the main
WMO ship catalogue (Interna-
tional List of Voluntary Observing
Ships WMO —No.47.) The cata-
logue will be continuously updated
and made available through the
Data Assembly Centre. It will
contain details of the instrument
locations for each ship in an
agreed format, together with
details of the results of inspections
performed by Port Met. Officers.

Port Met. Officer involvement

The Port Met. Officer networks of
participating countries will be
essential for the project’s success,
as close liaison with ships’ mas-
ters, observing officers and ship
owners will be needed. PMOs will,
in the first instance, visit individual
ships to explain the project to
observers and to assess their likely
commitment to the project. They
will also record details of the
exposure of the observing instru-
ments, noting any permanent
structural features which might
affect the observation, e.g., water
outfalls, airflow obstructions, air-
conditioning vents, etc., and the
relevant ship specifications. In
addition to detailed written descrip-
tions, the location of instruments
will be marked on simple arrange-
ment drawings and supported by
photographs in digital format.

Final selection of ships will take
note of existing instrumentation
and exposure, past performance,
and the general impression gained
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by the Port Met. Officers. Diffi-
culties may arise where a ship is
well equipped for one parameter
but not another, e.g., no anemom-
eter, but mounting a hull sensor for
sea-surface temperature. The
value of the ship’s contribution will
be assessed in terms of the
importance of the parameters
which are acceptable.

The information obtained by
PMOs for selected ships will be
forwarded to the Data Assembly
Centre for compilation of the
metadata catalogue. PMOs will
also explain the use of new coding
requirements and new logbooks
(electronic or hard copy) being
developed for the project. Later
visits will be needed to check that
instrument exposure has not
changed and to discuss any
problems with observers. These
observer ‘contact’visits will be
extremely important in maintaining
the interest of the observers and
the impetus of the project.

Ship survey and inspection forms

Special ship recruitment and
inspection report forms are being
designed for the project and will be
made available in French, Russian
and Spanish versions. The forms,
together with associated instruc-
tions, will be downloadable from
the new project Web site and will
be suitable for use in both hard
copy and electronic format.

Immediately following recruitment
to the project, Port Met. Officers
will complete the initial ship survey
report form. Each recruiting
country’s PMOs will conduct



follow-up ship inspection visits
when project ships are visiting
their home ports, as far as possible
on a quarterly basis (the current
UK practice). Some ships not on
regular trades may also need to be
inspected by their participating (i.e.
non-recruiting) countries, and care
will be needed to ensure there is
no duplication of inspections. In
order to establish a complete
metadata and inspection history for
each ship, the completed inspec-
tion reports will be submitted to the
DAC via e-mail.

Observation codes

To ensure that the project provides
timely and complete information
and that no reports from participat-
ing ships are lost, data will be
submitted in both real time and
delayed mode. Although real time
observations will continue to be
transmitted in the Ships’ Interna-
tional Meteorological Code (FM13
—XI), the delayed mode observa-
tions will be augmented by addi-
tional code groups. These extra
codes are essential to the success
of the project and comprise details
specific to each ship. (Refer to
Ship Parameters chart).

Originally, the intention had been to
require these additional code
groups in both real time and
delayed mode. However, proposals
to modify the ship code were not
supported by WMO because of
their long-term ambition to phase
out the use of such alphanumeric
codes in favour of new table-
driven codes (e.g. BUFR? and
CREX? codes).

Recognizing that it would be
impractical to re-train observers to
use complex new code forms in
time for the start of the project, it
was decided that the additional
code groups were not absolutely
essential in real time, provided that
the expected delay in the non-real
time data delivery did not exceed 6
—12 months.

To enable the international ex-
change of the extended observa-
tion reports in delayed mode, a
revised version of the International
Maritime Meteorological Tape
Code (IMMT) has also been
developed for the project.

Paper and electronic logbooks

Observations will be recorded for
delayed mode submission using

Ship parameters

Code 1 ss Instantaneous ship’s speed in knots at time of observation
Code 2 DD  ship’s heading in tens of degrees true
Code 3 LL
load line
Code 4 hh
Wind
Code 5 ff
Code 6 DD

Maximum height in metres of deck cargo above summer maximum

Departure of summer maximum load line from actual sea level (m)

Relative speed in knots or m s~ (in conformity with wind code indicator)

Relative wind direction in tens of degrees (00 to 36) off the bow.

VOS Climate Project

either hard copy or electronic
logbooks. In order to collect and
process the additional delayed
mode observation data in hard
copy format it will be necessary to
either implement new logbooks (or
logsheets), or to modify existing
ones. Similarly, new versions of
electronic logbook software
programs (e.g. TurboWin, SEAS
2000 etc.) are being developed to
incorporate the additional delayed
mode data. The logbooks (or
logsheets) will need to be collected
on a regular basis by Port
Met.Officers, who will also
download the electronic log files.

The use of software programs
such as TurboWin will greatly
simplify the collection of delayed
mode data required by the project,
as they will electronically record
the observations in the revised
IMMT format at source. This
avoids the need for observations to
be manually digitised following
receipt at participating national
meteorological services, which is
presently the case for paper
logbooks. For that reason, it is
hoped to equip the majority of UK
ships participating in the project
with such software, either loaded
into dedicated ‘notebook’ comput-
ers or, if acceptable, loaded into
one of the ships’ computers.

Data Transmission

Observational and instrumentation
data submitted by project ships will
be subjected to various procedures
and relayed via a number of
centres before it eventually
reaches the Data Assembly
Center. A simplified flow diagram
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showing the data will be routed is
given in Figure 3.

The national meteorological
services participating in the project
will apply minimum QC proce-
dures to the digitised observations
in the revised IMMT format. The
digital data sets will then be
forwarded to the two Global
Collecting Centres (GCCs) for the
WMO Marine Climatological
Summaries Scheme (located in
Hamburg in Germany and in
Bracknell in the UK). The GCCs
will thereafter apply their normal
QC and related procedures and
forward the data to the Data
Assembly Centre in IMMT format
(using an appropriate medium, or
via the Internet) with a minimum
delay.

The Met Office, in its capacity as
the RTMC, will also transfer
datasets of the real time reports
and associated model field values
to the Data Assembly Centre. As
this data will be transmitted in
BUFR code (which is now re-
garded as the preferred standard
for the international distribution of
weather data) decoding software
will be needed in order that the
DAC can merge the received real
time and delayed mode reports and
compile a complete project data
set.

Project promotion literature
and logo

Draft literature to promote the
project, and an associated logo for
the project have been developed.
The logo will, in due course,
appear on a plaque that will be
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Figure 3 - Simplified flow diagram showing the
routeing of data for the VOS Climate Project.

presented to participating ships.
The promotional literature will
include a small explanatory
brochure that will be made
available to participating shipping
companies and officers, and will
be available in multi-lingual
format. As the project unfolds,
observers will inevitably have
questions about why the additional
observations are needed and
about how they will be used. The

brochure will therefore address
these points, and a copy of the
brochure is included at the end of
this article.

Project Web Site

The primary means of information
exchange for the project will be
via a dedicated Web site which
will be both developed and main-
tained by the DAC, with contribu-



tions to be made by both partici-

pants and users. Information to be

made available through the Web

site will include:

* metadata catalogue of partici-
pating ships;

 regular project update reports;

* monitoring and data application
results;

* project newsletter for partici-
pating ships;

» data catalogues;

* links to other relevant Web
sites;

* project focal points and other
relevant contact details;

* the project document and other
publications; and

* any other information relevant
to the project.

Access to the ship metadata
catalogue will be via the ship
name, call sign or IMO number,
which will then allow selection of
any required subsets of ships’
instruments, etc. This catalogue
will also allow access to ship
status reports, with links to the
observational data and monitoring
reports.

The project data (observations,
metadata, real time monitoring
data and the additional observa-
tional data) will also have a direct
access through the Web site for
ftp download. Similarly, ship
survey and inspection forms
(including instructions for their
completion) will be available from
the Web site for download. Some
password protection to guard
against abuse and to safeguard
potentially sensitive information is
anticipated.

Project newsletter

A project newsletter is also
considered to be an essential
component of the project, provid-
ing a means of informing and
communicating with participating
ships as well as among meteoro-
logical services, data centres,
users and other participants. It is
hoped that it will help to maintain
interest and enthusiasm among
observers, regularly informing
them of the status of the project in
general, and of their own specific
contributions.

The newsletter will contain
information, reports and statistics
on participating ships together with
information drawn from all partici-
pants, including the Port Met.
Officers, participating ship opera-
tors, the RTMC, the DAC and the
ships’ crews themselves whenever
possible. It will be issued biannu-
ally and edited by the WMO
Secretariat. It will be made
available on the project Web site in
a suitable format to allow down-
loading by participating operators
for printing and distribution to
ships.

The future benefits

The potential benefits of the
project are clear. For the shipping
industry, it will encourage the
development of new marine
meteorological systems, which will
result in improved marine weather
forecasts and real time weather
information for operational pur-
poses. Moreover, the improved
quality of ship observational data
will help us to better understand
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the large-scale weather changes
associated with climate change.

The success of this ambitious
project will therefore depend
upon the close involvement and
co-operation of the national
meteorological services, the Port
Met. Officer networks and, of
course, the ships’ voluntary
observers. It will require careful
management if it is to achieve the
aim of developing into a long-
term, operational programme. I,
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This original article was first
printed in the April 2001 issue
of the Marine Observer.
Permission to re-print this
article with updates has been
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OFFICE.
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Why do we want the VOS
Climate (VOSClim) Project?

I ho main purpose of the Voluntary

Dbhseeviing Ship (VOS) Climate (VOSCHim)
Project |5 1 provide & high quality set ol
miarine meteornlogical chesrvations and
detailed inflormation on hiow the dsla were
MEEINEd Such cheervatons s of great
value to operational marine forecasting
Furd hesmane, climsle studses raly an the
Increased accuracy ol good cbservations

Improved chimate models better ground fruth

{or chiecking satallite ohservations, and a
more accurate high-quality marine dataset
will be possible with the cooperation ol
IntEnational ahilp particpants

Foi the YOSCIEm Prodect we are asiing
pord mefeorological allicers to collect #xm
infodmmation atsout the selacted W05 Why do
s want that information? What will it be
wmed For? Here are giveaers 1o same ol The
yuastloans you may have
Q: As a ship's officer how will it
change Uhe way | take
ghserelions?

A Ha {1y al all. I you uite an =ectmonic
logtxk or coding Syatem (8. Turbowin
vau will be issued with an upgraded version
if you Bl in Ioghocks yoo will be asked o
repoarl the relative wind speed, diechion and
ship's speed and head ai the thme of the
beseryation, in eetiam, you will Banefit rom
erhanced dupport from The ol

metaarali q_'|||_'--| odficers and Vil will be able
1 lemrn mowe aboalf Hhe vanous ways In
which your abservalions. e u=ed

Q: Whal do you mean when o

say the ships ebservations will be
used lo studu the climale?

A: The map an the right shows the transder
1| head between the ccsan and the
irFneaghare or an avetage month of |Emeary
in the northem amisphena it s wintar
ind the Blise colowrs (Eop mada) shinw thal the

CHCEADN 15 |
el ||'II':|-||'II'-T"I"'

W ing |,-|I.g_:|- amounts of kewl o the
especilly over the Gull
Stream and the Kureshio

The bottom map = for the month of july
B the mortherm hemisphare oosans are
bieing warmsed and the cooling |s coourring in
thie soutberm coeans where the sea ice ha
spread out lrom Antarctica

Wi could anly deagw thesa maps beciuse
of the millions of chseralions which have

been taken by merchant ships in the past

Mevwadays we ahtaln information froam
salellites and compmuter models. bt ship
data are as imgefant & e |0 a0 we noed
really good ship observations to check Hhr
mexdals and calibrate the satelfites That is
the gim ol the VOSChm Project. Betrer
alserdations e -i"_. will make a difference!

LI I 1 B orw sy unpinynes
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Camlitrie

read foo warm. For screens with good o
mnderste axposye, the oyer-heating s
reascnably uniform and we can dévise a
comection, The screans with bed sxposure
read much too high — several degress — and
thiers are bilg differences betwesn differen
screens We cannol correcy these errars bud il
I= impodtant that we know about them

Q: Why s il important to know the
miethod of sea surface
temperature determination?

A:  The value ol the sea surface tsmpetatuns

I156T) depends 1o some extant on ow il i
measured. An increasing number of shigs e
being ficted with thermormseters [hal s
fastened to the inside skin of the hull jcalkad
vl conlact =ensors|. Provided that they e
kept in celibation, we balleyve that thess
instrumants give the mdst aooumbe 55T
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Total chood cover §nkis iFHestirg trom the L 0% m-T
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g dillerence botween 55T values from engine

E
i .
= - contact resdings ot night. However during

1 Edilzﬂlmr the bucket readings tend to become

walues The plod | betow loftl shows the average

roar mtake | ERN thermometers and those
frowery bl comtact sensors | lighs blue flinep

For Both day and night. the EEI values are
warmer by about 0.3 to 6.4°C Bucket madinegs
pre clime 1o, or alightly calder than, the hull

warmer il the Sun is shining

Bul whal about satellites.
MNowadays don'l they tell you
everithing you need lo know?

A: NOI For example. for about 20 years
wiliallite data hove been used o detenmines
the S5T ovet the globe, but when the Mount
Pinatuho valcuno erupled in fune 199 lage
guantities of ash were thrown hiigh into the
almosphere This ash cloud circled the tropées
and caused the satellite sensoms to report that
the tropical S5T was suddenty abowt 192
coldes than usual but the ships and buoys
nhowed that really the 551 was about 0.9°C
warmer than usgall The graph [neat page,
mbove right) shows that it took 8 wholo year lor
the satellits midings to fetum fo the carmect
value Soosateliite data are alwans chacked
sgainal shipr and drifting buny data and
correcied, an mecessary, belons they ame Esed

Thera are other problems with satellite
data Salellites may nol measune starm fomce
witdds correct |y, Some instrumants cannol see
through ¢louds or do not provide values cose
1o the &ma wurface

1M I
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Wirnd Pimaluly erapts

Despite &l the sdvances made in space
technology. we still need good daga from
meTchant shipsl

Q: Bul how much does it all really
matter?

A very much! As an example, the graph
below shows the chenges in global 53T and
nlght-time marina alr temperature {MMAT)
since 186 Compared to the penind batween
1960 o 1990, in eatdier vears both the airand
the sea wem ocolder by a few tenths degrea
contigrade. [n mone recent years. warmer alr
antl sein temperatures have bean obsered.
These changes, detected 0 the weather
teports lrom YOS, suggent that rapid global
warming 1= aceurring perhaps dus fochinge
in the atmosghere caased by man As a
result. many countries have agressd o Hmig
the relnase of gazes like carbon dicgede nto
the atmosphere. Some countries have taken

Rl

mIfuay A

S il
lmery cias
i s §ET

) ki il
glwr cheiyy aosirel nhEpL
|

measisres which have a direct impact oo the
everyday Hives of their citizens — taxes on
power consumption for example In other
countries, there remain doubts as to the
degree of warming After all, the changes are
relatively small and the graph could only be
nlatted after making significant corrections to
the data, To really understand these changes,
it is Imiportant that, In the future, we oitain
data of the highest accuracy — the VOSClim
Proect will help i this.

Bemember, il the predictions are cormect,
rififng sea kevel could ke catastrophic for
soifie teland StEtes. Stamms of moreasing
frequency and stresgih would be assockated
with high winds and moee freguent daemaging
Mocds: Your obserestions will help us tell (o
what extent this is alresdy happening. In lact,
wie urgently need o understand the climate
befter 'We need high quality data. We are
iking you to hetpl

Q: | have been making marine
weather observations for many
wears. Why are they particularly
important now?

A: W have dascribed how the manne
wesl vef observations from the past ame
prondiding vital inlosmation on the world's
climate and have highlighted the present
increases in global tempsratures. With
imipaewing understarding ol 1he weather
more data froem satellites, and impeoved

R0 A a0 IV 0N computer models to help in weather
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o= <%, VOS Climate Project
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forecasting. Uhere s now an emphasks on Q: Soare Lhere iy direct E‘t"l‘lﬁﬂﬂ [

abtaining ever higher quality measurements the shipping fndustry?
aver the oosan The ah ips in Thie VOSClm

Project have been chogen a8 the ships which Az The VOSClim Project will help in the

we believe can prowide the high guality development of future marine meleomlogical

reparts which we need systems which are expected niot only to
produce better marine weather lomecasts, bul

O: Wil the WLy we mutke weather also to give ships much more comprehensive

: - real-time waather information for operational
ohservations {'r'd"ﬂ' in the prifpeeses. By partcipating in the YWOSClHm
fulure? Privject, the shipping industry will also be

fielping mankind face one-ol its greates!

Az Better instrementstion hes already been challenges — the lampge-scale weather changes

successhilly tested o research ships and associated with changing climate

pntype syslemns are being instalked on a

frw YOES Pt these fsiruments bre vary

oxpensive. Once the VOSClim Project has e
demonstrated the value of a chosen high imE I
muality subset of the VOS5, the pasaibiliy of hesparch s

equipging them with sdvaneed
instromentation will be ik ||.||.1h|H.

For more {nfermation:

Please ask vour port

metearological olficer

or

visit the VOSClim Web site at
hitp:/fwww.nede noaa gov/VOSClim himl
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